THE SIGNIFICANCE OF VENTRICULAR PRE-MATURE CONTRACTIONS (VPCs) occurring at rest and with exercise remains controversial in the differentiation of cardiac patients from healthy people. McHenry and Froelicher and associates' 2 reported recently upon the failure of exercise-induced VPCs to identify patients with heart disease among select populations of actively employed policemen and airmen, respectively. The present study was undertaken to determine the incidence of future coronary events by analyzing follow-up data up to five years among another select group, 1,327 patients referred to a major medical center for treadmill stress testing (TST) who exhibited VPCs at rest, during, or after exercise.
Methods and Materials
Follow-up information on 6,500 patients stress tested at the Long Beach Memorial Hospital Medical Center since 1964 was obtained by trained technicians and fellows in cardiology by patient interviews or from referring doctors' records. A single follow-up was made on each patient at an interval between 6 and 60 months after the TST. Because increasing numbers of tests have been performed during the past 24 months, the patient sample is much larger during that period as compared to the first three years. There were no patients lost to follow-up. Among 1,327 patients, VPCs were observed in association with one or more of the 3 phases of treadmill testing; at rest and hyperventilation, during exercise and/or during the recovery period. All patients (1,327) who exhibited one or more VPCs during one or more phases of the TST were included in the analyses. The number of VPCs identified during each phase was estimated as a ratio to normal sinus beats. By this method, it was possible to determine quite accurately which patients showed an increase or decrease during exercise and recovery.
New coronary events were identified and defined as a myocardial infarction, the onset or progression of angina, or a death due to a cardiac cause. Infarctions were established by typical symptoms, supported by electrocardiographic and/or enzyme changes. Onset of angina was determined by the referring doctor's chart notations and the administration of nitroglycerin. Progression of angina was identified by decreased exercise tolerance because of chest pain and/or increased amounts of anti-anginal medication prescribed. Deaths due to a cardiac cause were defined as those immediately following myocardial infarction or cardiac failure and those occurring suddenly leading to a conclusion of cardiac arrest.
The study population of 6,500 was composed of approximately 80% men and 20% women. Racial and ethnic differences were not identified. Most patients were referred for the evaluation of chest pain (57%), history of myocardial infarction (22%), high blood pressure (22%), or previous cardiac surgery (6%). Only 17% of those studied were free of known or suspected cardiovascular disease as determined by a comprehensive pre-test questionnaire. Treatment received was not taken into consideration in the follow-up study of coronary events which extended from 6 months to 5 years. These events were analyzed by the life table method of  Cutler and Ederer.3 Treadmill stress testing (TST) was performed according to a protocol described previously4 with continuous monitoring until an age-adjusted maximum predicted pulse rate was reached. Positive TSTs with regard to ischemic ST abnormalities were defined as 1 mm of depression or elevation lasting 80 milliseconds or more from the J point during or after exercise. Patients receiving digitalis, those with unstable angina, and those with ST abnormalities at rest were excluded from the analyses. Early termination of the TST was often necessitated by the appearance of angina, severe ischemic ST changes, complete exhaustion, or serious arrhythmias; for example, frequent multiform VPCs, ventricular bigeminy and tachycardia. Moderate The results of the present study involving 1,327 patients with known or suspected cardiovascular disease, 57% treadmill tested to evaluate chest pain, corroborate the reports cited above. Ventricular premature contractions occurring in this select population, with or without ischemic ST abnormalities, were definitely markers of future coronary events at a risk more than 4 times greater compared to patients in this same cohort who did not exhibit VPCs (table 1) . Thus a fifth general concept regarding VPCs is gaining validity; the significance of VPCs associated with TSTs rests largely upon the clinical status of the persons being studied. VPCs observed among healthy subjects tested routinely are very common and are not reliable indicators of heart disease or future coronary events unless associated with ischemic ST abnormalities. On the other hand, VPCs occurring among patients referred for TSTs with known or suspected cardiovascular disease, with or without associated ischemic ST changes, represent a definite risk factor for future coronary events.
Patients who exhibit VPCs plus ischemic ST changes experience a higher incidence of future coronary events compared to others who demonstrate only VPCs or ischemic ST changes alone. Thus, the risk of coronary events appears to ascend progressively among patients referred for TSTs who exhibit VPCs alone (6.4%/year), ischemic ST changes alone (9.5%/year), and VPCs plus ischemic ST changes together (11.4%/year) (table 1). In addition, patients with either negative or positive TSTs who exhibit ominous VPCs experience a significantly increased incidence of future coronary events compared to others in each category with less frequent unifocal VPCs (tables 2 and 3). The incidence of future coronary events among all referred patients with exercise-induced VPCs proved to be twice as great during the first year as compared to the subsequent four years of follow-up, both among patients with and without ischemic ST abnormalities ( fig. 1 ). This observation was somewhat unexpected and prompted a conclusion that a sequential relationship may exist between the onset or progression of chest pain in a given patient, a decision for a TST shortly thereafter, coronary circulatory instability at this particular time, and a very significant risk of a coronary event during the year ahead among those who exhibit VPCs. Thus, it would appear that we are dealing not only with a select population referred for TSTs, but these patients are encountered at a strategic time in their lives, shortly after they consulted a physician who made a decision to order a TST. Among these highly selected patients, those who exhibit VPCs during TSTs are faced with a very substantial risk of one or more coronary events during the year immediately ahead. The results of the present study support the generally accepted concepts regarding VPCs. They occur commonly among cardiac patients, increase with age, suggest underlying heart disease when they increase with exercise, and suggest an acute or unstable phase of organic heart disease when they are ominous (very frequent, multiform and/or sequential). Ventricular premature contractions which decrease or disappear during TSTs among patients with known or suspected heart disease share the same predictive implications with VPCs which are sustained during exercise.
QRS amplitude decreases with age leveled off at the sixth decade of life, they continued to old age for ST-T measurements. Men revealed steeper age trends than women. Blacks had larger QRS amplitudes and smaller Q/R ratios than whites.
Stratification of electrocardiographic criteria according to age, sex, and race appears essential for routine interpretations and for epidemiological studies where new events, such as myocardial infarcts, need to be differentiated from normal age trends. fluence upon such limits and significantly affect ECG interpretations.
Extensive cross-sectional studies on conventional 12-lead ECGs reported by Simonson' and several longitudinal and epidemiological studies2-8 clearly demonstrated that ranges of normal may be considerably reduced by incorporation of information on constitutional variables such as age, sex, race, and body weight. Narrower ranges, by minimizing the overlap between normal and abnormal, should result in a substantial improvement in diagnostic ECG classification and interpretation.
In the present report, extensive correlations are described between Frank-lead ECGs9 obtained from 450 normal women and the following constitutional variables: age, race, weight, height, and chest configuration. The results are com-
